On multi-query optimization by Choenni, S.R. (Sunil) et al.
Centrum voor Wiskunde en Informatica
REPORTRAPPORT
On multi-query optimization
R. Choenni M.L. Kersten, J.F.P. van den Akker and A. Saad






1090 GB  Amsterdam
The Netherlands
CWI is the National Research Institute for Mathematics
and Computer Science. CWI is part of the Stichting
Mathematisch Centrum (SMC), the Dutch foundation
for promotion of mathematics and computer science
and their applications.
SMC is sponsored by the Netherlands Organization for
Scientific Research (NWO). CWI is a member of
ERCIM, the European Research Consortium for
Informatics and Mathematics.
Copyright © Stichting Mathematisch Centrum
P.O. Box 94079, 1090 GB  Amsterdam (NL)
Kruislaan 413, 1098 SJ  Amsterdam (NL)
Telephone +31 20 592 9333





%'&)(+*,.-0/1 2436587:9;()(+* <>=;?A@*(CB:1ED!9F?AGH@I9;( J87.5F=K(CLM1N.1OF=K(QP)9;(SR	T;T09F?
UWVYX[Z
\^]`_^]badcfehg0ij.k8g Z4l j+g+jnmoapdqQrtsvuxwy)zFq Z|{b} uW~uxs } u0wtz;"yFr
R	d=K(+*.%.=F=FP
>ufi.zFwts`quxMs	cI U c;q":svuxwWŁ'xu0'[u Z
pduezF'yFwtzMFuxw[r[s` Z
pdueKz;"y;wtzY l) i)i Zoo ["s
F))E:
 ¢¡£¤¦¥§©¨`§fiª©«f¬H­¬f®¬£¯§¬f°0°[± ² ³H¬­¯² ¤¦¡£I´;£Iµ³t¶©¬£E«x¬­¬d¥²¢¡² ¡·¦´F¬£§H¸FµH§t¡H³H§¤[¹"²¢¡I­º§t»¢«0§t°[§t¡H«x§t¡I­6¸FµH§t»² §I£¼¥¬fiª^®[§4°[¤t£§I«
£v² ¥µ[± ­¬f¡H§I¤¦µ£v± ª|­º¤W­fi¶H§$½¿¾ÀÁKÂÃE¶§^¤¦°I­¯² ¥6² ÄH¬­¯² ¤¦¡¤[¹¿£Iµ³t¶£§H¸FµH§t¡H³H§I£^² £o³H¬0± ± §I«
q>:Ås`ÆHÇ0MuxwtÈc["s¯q>É8zFs`cF
´
¬f¡H«S² ­!¬­­º§t¥¼°H­º£6­º¤§vÊ¦°[± ¤x² ­!­fi¶H§I£§4«x§t°§0¡H«0§t¡H³² §I£4² ¡©­fi¶H§	«0§t»² Ët¬­¯² ¤¦¡4¤[¹E¬4¸FµH§0» ªd§fiË[¬0± µ¬­¯² ¤¦¡W°[± ¬f¡^Ì¸0§0°ÍfiÂ	Î'± ­fi¶H¤¦µH·¦¶
² ­¶¬£®§I§0¡¼¤¦®H£§0» Ë[§I«¬f¡H«4«x§t¥¤¦¡H£­fi»Å¬H­º§H«$®vª£§IË§t»Å¬0±+»¢§I£§¬t»¢³t¶H§t»¢£¿­fi¶¬­E§vÊ8°t± ¤x² ­¬­¯² ¤¦¡¼¤[¹.«0§t°[§t¡H«0§0¡H³² §H£!£H°§H§I«$µ0°6­fi¶H§
¸;µH§t» ª4°[» ¤f³I§I£¯£`² ¡·¦´;± ² ¥² ­º§I«^»¢§I£¯§H¬t»¢³t¶	¶¬£®§H§t¡	» §0°¤f» ­º§I«|¶H¤HÏY­º¤®§0¡H§fiÐ8­¹¯» ¤¦¥È¥¼µ[± ­¯² Ñ¸FµH§0» ª6¤¦°I­¯²¢¥² ÄH¬­¯² ¤¦¡0´0­¬f¨H² ¡·¼­fi¶H§
³¬x°¬x®[² ± ² ­¯² §I£6¤[¹"§vÊx² £º­¯²¢¡H·¸;µH§t» ª^¤¦°I­¯² ¥6² ÄI§0» £6² ¡H­º¤d¬³I³I¤¦µ0¡H­IÂ¼ÃE¶[² £6² £!§vÊt¬³fi­`± ª	­fi¶H§©­º¤¦°² ³©¤[¹­fi¶[² £©°¬f°§0»AÂ6ÁF² ¡³I§§fiÊ0² £º­¯² ¡·
¤¦°H­¯² ¥² ÄI§t»¢£'¬t»¢§!¬f®[± §E­º¤¤¦°I­¯² ¥6² ÄI§¸FµH§t»² §H£¿² ¡¿Ï!¶² ³t¶¬©»¢§I£­fi»² ³fi­º§I«W¡xµ0¥¼®[§t»+¤[¹®¬£`² ³!¤¦°[§t»Å¬H­¯² ¤¦¡H£E¬f°0°[§H¬t»¢£I´8§0Â ·FÂ ´;¡0µx¥¼®[§t»
¤[¹xÒA¤x²¢¡H£"² £± ²¢¥² ­º§H«­º¤ÓÔ8´x¬x¡«6­fi¶H§E¤¦°I­¯²¢¥² ÄH¬­¯² ¤¦¡¿¤[¹)¬¸FµH§0» ªo² £E» §[± ¬­¯² Ë[§± ª§vÊ8°[§t¡H£v² Ë[§t´0ÏM§E¬­­º§t¥°I­.­º¤©°[»¢¤[Ðf­:¹¯» ¤¦¥n¥¼µ[± ­¯²
¸;µH§t» ª¼¤¦°I­¯²¢¥² Ä¬H­¯² ¤¦¡¼µ0¡«0§t»K­fi¶H§³H¤¦¡H«f² ­¯² ¤¦¡6­fi¶¬­"¸;µH§t»² §I£E¬0»¢§o°¬££¯§I«	¤¦¡[± ªo¤¦¡³I§!¬f¡H«	£¯§t°¬t»Å¬­º§± ª6­º¤o­fi¶H§¤¦°I­¯²¢¥² ÄH§t»ÂÕS§
°[»¢¤¦°[¤t£§¬¼­ÏM¤[Ñ£º­º§t°©¤¦°I­¯² ¥6² ÄH¬­¯² ¤¦¡°»¢¤f³I§I«Fµ0»¢§0Â ¢¡¼­fi¶H§6ÐK» £­b£º­º§t°0´+ÏM§6«0§fi­º§t»A¥6² ¡H§t´;¤¦¡¼­fi¶H§^®¬£v² £E¤[¹.­fi¶§o«0§t°[§t¡H«0§0¡H³² §H£
®[§fi­ÏM§I§t¡|¸FµH§t»² §I£I´"²¢¡	Ï¶² ³t¶^¤f» «x§t»'­fi¶H§fiªd£H¶H¤¦µ[± «®§4£H°§I³² Ð¦§I«¬f¡H«WÏ!¶¬­©»¢§I£Hµ[± ­º££I¶H¤¦µt± «®[§4£º­º¤f» §H«;ÂS ¢¡	­fi¶H§4£¯§I³I¤¦¡H«





















 ºþ6ûFû üfûFþFûÈß6þü fffi flKüxû	ffi Eû ¿û! þ"#
 ff
$xû  0û%'&
















 B.û Küxû	1	üxûxû	Küffff þbD"úEû¦ü0ý þß 	
 ºþTSc ßEüff,Küff,!ý












































Fþ ºþ3KüxûbFúff0û 0þqFþÈß¿úX 0û@D"úEû¦ü0ý üxû0ú!H ffi"¯üxþ ßEüfû6B5ºþ:ú!ý ûmobûFúX 0ûDú¿û¦üffºû9
v















































































 ºþ$þ!ý9 Q ßEßEüxþ^%Eûf$xû þ Eû;fi 0ûü%V&
 ºþ þ"ND"úEû¦üffºûEfi 0þ  !ºûflDúEû¦üxýMü%Kßw150ú%Yc@( Q !,:+.X1XZKülX-'1':þ:úff-^X15:Qþ:úff-^V/21Küxû
Eþ ?0úH ff



























































































part of a qep
































































 + ß¿üffß$!ºûf Eû ff û




ä8âAåEé°æ jfæçxê¦~<`ë ä¦æ ç
v n7:úEüxûMp^O2`P%1w EûhþüffEû¦üR:û¦ü>üxûFûHB.û;ðú! ½&C0û6 þ"#D"úEû¦üffû@%Eþþxû; þü%Eû¦üYþ"
ûmobûFúX ºþw94kfEûN1NH ;ß$xû@ 0þ3 üxûFú0û? þfi¿ú!ºû; 0þ¿û6 0û¦üff=,Eû; Eû?6û8 ShFýT 0þ üxûFú0ûhû	Küff!ºû¦ü































































































































8 0þüxûffiüxûFú0ûw9 Q !H Eþ:ú þ:úEüflKßEßEüxþ^%ffi	Y6û+ ffKü%:û6 0ûffi 0þ4H>û¦üxûfi hÈþ5Eû!{ 
 h8 0þüxû'&
 0û¦üff û,






 ºþJ$uSúDú¿ûg 0úEß!ºûeEûfi H¿û¦ü#O~ ,$P%9 v 8 0û	 þ"'8 0þüff
 0úbß!û{ 
 cD"ú!"¯ýMcZ 0û¦ü%Èû<































û6 ff.3!45" 367" 38:9;9;9;" 32<= O¦öe÷	øfföjù











@A45" @65" @85";9;9;9;" @CB

U
O#ff3!45" 36T" 38T9;9;9;" 3
<
øVff@W45" @W65" @C8T";9;9;9;" @
B
PX 
YQ2Z.[ Q\]ff3!45" 36T" 38T9;9;9;" 3
<F^





































































ä8âAåEé°æ jfæçxê¦~<`ë ä¦æ q
rXsTtvuCwyxvz{|T}




}?W)PŁ_!rS  q Z >ufi"s
?rX  qb]y+uIs`Æfi"z;qu >ufi"sv]y)ufi"s¯Æfi'zFqYu
XS  qb]z  ufi
XS QuIsfi]M:q>ÆHcI[ÆHuxqrS\
5
}?W)PŁ_!rS  q Z >ufi"s
?rX  qb]y+uIs`Æfi"z;qu >ufi"sv]y)ufi"s¯Æfi'zFqYu
XS  qb]z  u
XS QuIsfi]M:q>ÆHcI[ÆHuxqrSNT
5
}?W)PŁ_!rS  q Z >ufi"s
?rX  qb]y+uIs`Æfi"z;qu >ufi"sv]y)ufi"s¯Æfi'zFqYu















































































































































































OyÆY?aÓÆÐ"  SÔ¬ÆT flÂÆY#"  0PÕOyÆY?ÖÆY#"  ÔÉÆ5 §aÈÆ#"  0PfÃÍ'#"   FþZ ff,+!!¼ûDúH&½Utþffi×¹#"   "¯þü
S+ff¿þ! S×YÐ"  ¨ÃÍ'2ÔÃ×YÐ"  JÃÍØ 
e
± âR²5³8% çtë åë äCæ|ë äxåŁæè26ätèä[êIë ~´ffåµ¦äe¦éæë ~ Ù
q 2






























































































































± âR²5³8% çtë åë äCæ|ë äxåŁæè26ätèä[êIë ~´ffåµ¦äe¦éæë ~ ßCà
 0þfi 0û¦üff û,










÷°" ùV9â_X=,!,Küff!ý1X×	ùT" >YSfl,!!Eû¿û!ºû6 0û"+ Eû0ú þ"fl Eû3Fþ8 M 0þ





 EûIEûþffiSflEû6 ¿û¦üR=Eþ5EûJ¿þ:ú!ffi6û 	Küff¿û þüEþ 9 Å ûI¿þ 0û  $
 + EûIFþ8 R 0þFþnß¿ú 0û
 Eû;D"úEû¦ü0ýFþü0üxûtß6þI 0þº× ùT" > ¿û¦ßûWþffiSflEû6 ¿û¦üffi× ÷°" ù f	KüffEûþüEþ 9




































Ck÷6øT×0ùT" >A1üxûtß6û6 HB.û!ý1ffiS+ff\×¹#"  If ¿û ½&½U8  û!ûÈûfi þ"7 EûIDZ&C
 tüffHoþ"#n7:úEüxû ]59
















































































± âR²5³8% çtë åë äCæ|ë äxåŁæè26ätèä[êIë ~´ffåµ¦äe¦éæë ~ ßØß
!DßuOy×
÷°" ùPóòõôHö5÷Ðø púùûoü7ý ÷Xþ	ö7÷#ø púùûoü°ý ÷cO8OEß.ü 
÷ æ
Oy¢hº·XP8P%ø	OEß o:ýù	
0ù ÷ ý ø æ$ù OC¿?¨·`¤<P8P8P
!DßuOEk
÷ffP_Lßü  ÷ æO¢ªX¤ ·ªX¤COy×÷°" ù	P8P
!DßuOEk	ù6P_Lß oTýù	
õù ÷ ý ø æ$ù O¢ªX¤ ·ªX¤COy×0ùT" >0P8P
!DßuOEk > P_Lß ü üw÷:9  O
U
O¢ªX¤ ·ªX¤¦Oy× ùT" > P%ø0¢ª'¤ ·$ª'¤OEk ÷ P8P8P
n7:úEüxûJfi {óeoÈß!ºû|þ"j!þ	!wDú¿û¦ü0ýÈß$!,
























































































E âEäj° æ8ç[æë å½ff ß+ì




CkF[ kRÉO¬Ô@O8O8´ ­8·0F°­GäßHJI.KL7°o  púü7oYp~O¢ªX¤ ·ªX¤Oy×ì "  P8P8PãTO8´½­°·0F8­GÞ











Fþü0üxû0ßþ 0þl×Cì "  1'Sfl!ºûÝÁe¢
©6¤¦O°Âffhð0P^üxû¦ßEüfû0ûZ E EûRFþ8 hEþ Wú, |þ:úX tß¿ú 9#kfEûw15:ú!ºû
]4!ºþ"þl'flfl"`þ!!ºþ0Sfl 




©6¤¦Oy×ì "  P Áe¢©m¤¦O°Âffhð
P%1 Eû







































































































































































































































































































































þ"j 0úbß!ºûflSflH  üfû^Küffffi 0þM Eû;D"úEû¦üffºû+ fl0û6 9hkfEû Å É+ói:flóâ!,ú0ûCþ"#3fi 0û¦üff0û6 0ûTDú¿û¦ü0ý
k þ"j CSWþMD"úEû¦üffºû_k7 J¬kì 	6ûYþ ffEûffiý ff






























































































































Z z  u Z uex]¾ÐsT xs:{¨Í7s
¿
Z rxzFz;wt Z u[yFM¾ÐuCwyxvz{
¿
~









Ú`rt"z;qu Z ux¦ux ~
 s:yxvsT|T}
:
}?W)PŁ_!rS  SrX  ]uexl T
 
}?W)PŁ_!rS  SrX  ]uexl XS  ]z  uÞŁÑ
5
}?W)PŁ_!rS ©ZU SrX  ]uxqdÒ U ]x"zFqYu   ]uexÝ T


































































































































-                                        -
E.age 
C.loc = ‘New York’
65
-                 -                            -                                       -                                       -




























































 2 q 
































































































:ú!ºû@p9nEþü ûmoXÈß!ºû1Eóá9·ffi þ"R EûTÎ û!ºû ûZ MFþ:ú!)6ûffi,	KüffEûw9_'FûF¢ª'¤ ·$ª'¤2OEk º P?
d0úXxû6  þ" û	ff û!ºû ûfi Èþ"Ãá9º@ã¢ªX¤ ·ªX¤2OEkº0P=	6û úxûâ,flßEüfþfiFûffNk · 14¢ªX¤ ·ªX¤2OEk ÷ P%1
























































































































Fþ8 R 0þ ßEüxþ5Fûk	ùS+Eû6 Eû¦üYþüEþ YúM Eû þ:úX tß¿úX þ"âÄ,!xþp0rrr59 kfEûw1Eþ5EûWâ Eþ:ú!
6





























k > ø5k  ø5k  1eNk · ý úY EûÈþ:úX tß¿úX  þ"9¸èû=-rr3,8lFFû0û93kflEû4 0þ ff!cFþ8 J 0þ ßEüxþ5Fû
 EûD"úEû¦üffºûÉkY>




























































































































































































































%Ð*ÌØ| x;ÍTut  uw uu|ys  sT| x	W{4ûzÃrXsTtvuCwyxvz{uCt
 uw uu|ys:|
Î
xú{  ?¥ u{|














 s:Ìffi)àYut  uCwyxvz{fl2s-ÍÐ{Øx#6  sT|7ûzuC8	Cs  uw uuC| sT|
Î



















?z#ÊJÊflzW{]  's9¨Ë sT| | xzW{:E| zCtúuwyxvz{lxv{º  tvwyx  s:Ìº ËwyxÊffix%$TuCwyxvz{
Î
xú{  sTÌ;? z
¸
































tz=utF ËØwyxÊflx$:uw xzW{z2rs5túuwyxvz{ ut  sT xs:|5}  !xú | w)Ww s2Ë
Î


































































xvsÚDE{¨Ïs9Øxv{	ºxú{ÇrXsTtvuCwyxvz{uCt  uw uu|ys:|
Î
xú{  ?  uC{|










































































































































uw uuC| s|ÌØ| wys-Êfl|-Ù¨¾y
¿Î
Ë¨Ë

.Ù
¸
C


#Úu*Ê<fl¨#Ú)u.Êflx
Î

;Î
 ËØw x;Êflx%$TuCwyxvz{­z.uG	s


zxv{

s:yxvsT|T}?z*ÊØxú{Øxv{	s

yxú|yw x;ÍT|XuC{iÏ«?z#Ê'Øxú{uCwyz xúut

Ë¨Ë zu.ÍÐ
Î
xú{? zëÍ

z!wÐØs"

?(E{Ww

?zW{ff

z{=Ýu{u	s2ÊflsT{Ww)z

uCw u
Î
Ë¨Ë

Ù*Ñ=
¸
Ù=Ñ


 
tvt;Ê<

!

M 
tvt;Ê§uC{
Î
yxú{¨Í7xËØtvsT|z

uw uuC| s_uC{iÏR×_{ØzÚ¯tvs2Ï	s
¸N)
u|ysÞ#ÌØ| wys-Êfl|
ÎM
zCt

}!ÐØs

s2Úm2s-ÍÐ
¸
{Øztz	CxvsT|
Î
?z*ÊÞË

w sT(Í5xs:{¨Í7sOys:| |
Î

sÚÜÛzBÝ
Î 




Ûuzff" 
 )H
Ûuz
Î

ËiËyz,ØxÊ§uwyxú{	
)
tzëÍÝ

ÍÍ5sT| |ys:|!xv{

uw uuC| sG	WuC{Øx%$TuCwyxvz{|
Î
xv{¨?z#ÊJÊ

zÏwBÐØs

?
ÙWë¾#
¿Î
Ë¨Ë

ÑC
¸
.Ñ

